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Charts providing coefficients for the stress analysis of a 
reinforced circular cylinder are presented. These charts facilitate 
the rapid determination of the shear flcr'-rs and direct stresses in 
the sheet of the cylinder as well as the shear forces, axial forces, 
and tending moments in the rings . Separate charts are given for 
each of the three basic ring loadings: a conconti-ated radial load, 

a concentrated tangential load, and a concentrated bending moment. 
These charts apply to a cylinder of uniform construction loaded in 
the plane of one reinforcing ring and are based upon the solution 
of the finite- difference equation developed in NACA Teclmical Note 
No. 1219, which, in contrast to the elementary engineering analysis. 
Includes the effects of deformations of rings and sheet. To obtain 
the coefficients the stress analyst need merely compute the values 
of two simple structural parameters and refer to the curves presented 
in the charts. The stresses due to loads applied at several rings 
or at different positions on the same ring can be superimposed to 
give the stresses caused by these loads acting simultaneously. 


ItlTRODUCTION 


In several papers (references 1 to 4) the elementary theory of 
bending and torsion is shown to be inadequate for the stress analysis 
of the relatively flexible shell structures used, in airframe 
construction. In reference 1 a recturence formula suitable for an 
accurate analysis of the stresses in reinforced circtilar cylinders 
was developed. TJiis formula was treated for long cylinders (similar 
to airplane fuselages) as a fovirth-order finite-difference equation 
and was readily solved for cylinders of uniform construction. The 
present paper contains charts based on the solution of the finite- 
difference equation. These charts enable the stress analyst to 
determine the stresses and loads in the sheet end rings of either a 
long or a relatively short cyllnd.er in the vicinity of external forces. 
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coefficient of load or streBo 
Young's modulus 
shear modulus 

axial force in ring at angle 0 

moment of inertia of cross sectior of ring 

length of hay 

concentrated tending moment on ring 0 at 0 « 0^ 

tending moment in ring at angle 0 

radial load on ring 0 at 0 r= 0° 

radius of cylinder and ring 

tangential load on ring 0 at 0=0° 

shear force in ring at angle 0 

shear flow in skin at angle '0 

elementary shear flow in skin at angle 0 ^corresponds to 


shear flow for g = oj 


thickness of skin 

thiclcneso of all material carrying tending stresses in 
cylinder if uniformly distritutod around perimeter 
(effective skin) 
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longitudinal direct stress in effective skin at ring stations 
• and at ang].e 0 

0 angular coordinate of point on cylinder 

Subscripts: 

a axial force in ring 

m bending moment in or on ring 

q shear flow in skin 

r radial load on ring 

B shear force in ring 

t tangential load on ring 

a direct stress in effective skin at ring stations 

Ao direct correction stress in effective skin at ring stations 

-1, 0, 1 designation of ring or bay 

When double subsci-ipts appear, first subscript indicates loads or 
stresses in structural comxaonent, and second, applied loading cn 
the cylinder. 


mSIS FOR nESI(2T CHARTS 


The theory upon which the design charts are based is presented 
in detail in reference 1. Essentially, the analysis consists of the 
development and solution in closed form of a fourth-order 
finite-difference equation. The development is based upon the 
maintenance of continixity of deformations between reinforcing rings 
and sheet of a circular semimonocoque cylinder. Only external 
forces acting in the plane of the ring are considered. The 
coordinate conventions are given in figure 1 and the sign con- 
ventions for forces and stresses in f igur*e 2 . 
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BabIc assumptions .- In the development of the theory of 
reference 1 the folloTring haeic assuGrptions were made: 

(1) The Btructure considered is a clrcxilar cylinder consisting 
of hays of Identical constniction end extending longitudinally to 
Infinity In both directions from a loaded ring. (See fig. 1 .) 

( 2 ) The reinforcing rings are of constant moment of inertia 
and are attached continuously to the periphery of the sheet. The 
radius to the neutral axis of each ring coincides with the radius 
of the middle surface of the sheet. 

(3) The part of the sheet area which is considered to resist 
tending stresses is added to the stringer area and the combination 
is uniformly distributed about the periphery of the cylinder. This 
resulting combination is an effective skin thickness t’ which 
resists direct stresses. Hie actual sheet area is considered 
capable of supporting only shear stresses. 

( 4 ) Young's mod^^lus E and the shear modulus G are constant 
throughout the cylinder. Poisson's mtio is zero. 

(5) Eadial deformation of rings and sheet cause no circum- 
ferential extension of these elements. 

In accordance with assumption (3), the shear stresses in the 
skin do not vary longitudinally except at rings. 

Applicability of theoCT to cylinders of finite length .- Although 
the solution of the finite -difference equation is exact only for 
infinitely long cylinders, it is shoun in reference 1 "that the 
stresses and loads deteamnined from this solution compare favorably 
with those obtained from exi)eriment and from an exact analysis for 
cylinders of finite length, provided that the cylinders are loaded 
at least two bays from extemal restmints. The good agreement 
indicated follows from the fact that whereas a concentrated load 
causes distortions in the region of the load, the part of the 
cylinder located a few bays from the load can be asstoned undisturbed. 


APPLICATTCN OE DESK 2 I CHA-ETS 


Scope and use of charts .- In reference 1 it is shown that 
calculations of the stresses and loads in reinforced cylinders 
consistent with the preceding assumptions are dependent only upon 
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the loads Introduced end the structural parameters A 


and 


A GtR^ 
B ' EIL ’ 


Values for the design charts (figs. 3 


E^t' 



to 47 ) were. 


consequently, computed hy use of the formulas of reference 1. 
Formulas shovn in the figures are defined in table 1. For given 
values of the structra’al parameters A and A/B, the stress 
analyst can use the charts to determine the following stresses 
and loads at any point on the peripliery of a cylinder; 


( 1 ) The shear flows in the sheet of the hays adjacent to the 

loaded ring 

(2) The direct stresses in the effective skin at the loaded 

ring and at the two rings adjacent to this ring 

(3) The moments, shears, and axial forces in the loaded ring 

and the t^ro adjacent rings 

To apply the charts the stress analyst must compute the values 
of the structural pai'^eters A and A/B and refer to the curves 
which most neai’ly coirespond to these two values. (See appendix.) 

For each of the values of A = 2 x 10^, 2 x 10^, and 2 x 10^, 
curves are presented corresponding to several values of A/B 
ranging from 0 to « . Tlae stresses and loadn in the sheet and rings 
are deteimlned from the formulas and curves given in the charts. 


Application to cantilevered cylinders .- Separate charts are 
presented for each of the three basic ring loadings: a concentrated 

radial load, a concentrated tangential load, and a concentrated 
bending moment. These charts apply directly to cantilevered 
cylinders loadocl in the plane of one reinforcing ring. The stresses 
and loads caused, by two or more of the basic ring loadings can be 
combined to give the stresses and loads resulting from any type of 
applied concentrated load. Tlae stresses due to loads acting at 
severo-1 rings at various angles 0 can be superimposed to give the 
stresses caused by these loads acting simultaneously. 

Application to cylinders not cantilevered .- Although the charts 
are constiucted upon the assumption that the cylinders are canti- 
levered, they nevertheless can be used in the analysis of cylinders 
not cantilevered. As indicated in reference 1, stresses and loads 
in the sheet and rings of a cantilevered or noncantilevered cylinder 
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can te resolved into the following two components: (l) the 

equillhrium stresses and loads obtained from the elementary theory 
of bending and torsion (reference 5) ®nd (2) the correction 
stresses and loads due to the consideration of the dlstoi*tions of 
rings and sheet. 

In tlae charts presented the coefficients for the elementary 
stresses and loads are those of a cantilevered circular cylinder 

A 

and correspond to the curve for ;r = 0 in each chart. For other 

B 

conditions of support the charts for ring coefficients are valid 
in their present form, whereas those for sheet coefficients are 
readily applied if, for each loading condition, coefficients 

for ^ = 0 are subtracted from the coefficients corresponding to 

the values of A and A/B pertinent to the cylinder being analyzed. 
The resulting differences represent correction coefficients which 
can be added to the elementary values consistent with any other 
type of end resti-alnt. (See appendix for a numerical example.) 


ACCURACY OF CIIASIS 


It was shown in reference 1 that the method of analj'-sis applied 
in the consti’uction of the design charts can be expected to give 
stresses and loads which agree satisfactorily with experimental 
values, provided that the external restraints on the cylinder being 
analyzed are located two or more bays from the loaded ring. The 
numerical example given in reference 1, however, utilizes exact 
values of A and A/B for the cylinder analyzed. Since, in 
general, these values for a particular cylinder will not correspond 
exactly to any of the curves presented in figures 3 to hT, a 
nvimerical example, in which valixes of A and A/B from the charts 
are used, is given in the appendix. The curves in figiures 48 and 49 
show comparisons amonfj some of the coefficients for a radially 
loaded cylinder obtained by using chart values, by recurrence -formula 
solution based on the finite cylinder as in reference 1, by the 
standard or elementary solution, and by experiiuent (cylinder 2, 
reference 4) . Although the cylinder analyzed contained only four 
bays, coefficients obtained from the charts are in satisfactory 
agreement with those obtained by recurrence-foimitila solution and 
experiment . 
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RESUME 


Design charts are presented which are "based on the solution of 
the finite -difference equation obtained in NACA Technical Note 
No. 1219. These charts permit the rapid determination of the 
following stresses and loads in circular cylinders loaded in the 
plane of one reinforcing ring: 

(1) The shear flows in the sheet of the hays adjacent to the 

loaded ring 

( 2 ) The direct stresses in the effective skin at the loaded 

ring and at the two rings adjacent to this ring 

(3) The moments, shears, and axial forces in the loaded ring 

and the two adjacent rings 

For cylinders loaded at more than one ring or at several positions 
on the same ring, the total stresses can be obtained by superposition 
of those stresses determined from consideration of the cylinder for 
each individual load. 


Langley Memorial Aeronautical Laboratory 

National A(?visory Ccaxmittee for Aeronautics 
Langley Field, Va., March 25, 194 ? 


8 


MCA TN No . 1310 


APriNDIX 


NUHSEICAL EXAMPLES 


Cantilevered cylinder .- In order to illustrate the procedure 
used in the application of the charts to cantilevered cylinders, 
cylinder 2 of reference 4 is ccnsidered in this appendix. As 
indicated in the sketch of figure 48, tlae cylinder has four hays 
and is radially loaded at the middle reinforcing ring. The 
follo^rtng properties of the cylinder are obtained from table 1 
of reference 4 : 


E, in. 
L, in. 


I, 



15 

15 

0 .0320 
0 .04001 


Sjnce the cylinder has no longitudinal reinforcements, 
t' = t = 0.0320 in. In reference 4 Young's modtilus is taken 
as 10.6 X 10^ ksi and the shear modulus as 4.00 X 10^ ksi. 
Consequently, 


A , vf X 0.0330 ^ 2700 
0.04001 X 15^ 


and 


A _ 4.00 X 10^ X 0.032 X 1^^ 
® 10 .6 X 10^ X 0 .04001 X 15 


The values of A and A/B from the chart that are nearest to 
the computed values are 

A = 2 X 10^ 

and 


A 

B 


= 103 
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The coefficients for loacLs and stresses that correspond to a radial 
load on the cylinder, therefore, are obtained from the curves 

corresnonding to ^ = 10^ in figures I8 to 22. The coefficients 

can he converted to loads and stresses with the aid. of the formulas 
given in the charts and summarized in table 1. The coefficients 
fox' bending moments in the x-ings and shear flows in the sheet for 
this exKimple are plotted in figures 48 and 49 where coefficients 
determined by other methods of analysis and by e2p>eriment are also 
plotted for comparison. 

Simply sun ported cylinder .- If the beam analyzed in the 
previous problem is now considered simply suppox'ted at the end 
rings and radially load.ed at the middle ring (see sketch in fig* 50)> 
the elementary shear flow consistent with tliis method of support 
must be computed, and the correction shear flow due to the distortion 
of the cylinder can be determined from figure 21 = 2 x 10^ 

and g = lo3^ . As mentioned in the section of the present paper 

entitled "apPLICATIOI OF DESICaT CHAETS," the coefficients for ring 
stresses and loads can be obtained directly from the charts 
(figs . 18 to 20) . The elementary shear flow in bay 0 is 

■Jb ^ 

A curve for shear-flow coefficients corresponding to this standard 
solution is given in f igiure ^ 0 . The correction shear-flow 
coefficients are determined from figure 21 by subtraction of the 

coefficients given by the cxjrve for ^ - 0 from those given by the 

JD 

curve for g = 10^. These corrections are plotted in figure 50. 

JD 

Addition of the elementary and correction-coefficient curves yields 
the curve for the total shear-flow coefficient, which is also shown 
in figure 50 . Because of the sjcnmetry of loading, the shear-flow 
coefficients for bay -1 are the negative of the corresponding 
coefficients for bay 0 . 
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TABIE I. - FORMDIAS FOE LOAES AM) SOKESSES 
[sign coavention is shown in figure 2 j 


Quantity to 
he calouZAted 

Eadial load, P 

Tangential load, T 

I'forient load, M 

Bending 

moiaent 

=. 11^ j 

-'V "" *^mt® = 

'V " °anf’ = 

Axial 

force 

1 

1 

= C^tT = 

^ “ ^am ^ 

Shearing 

force 

'V = 

V = ^st'^ = 

- °3m f = '^-s* 

Shear 

flow 

V ■ =ar| = -U 


ti 

O 

It 

Direct 

stress 

“0 - V 


= “0 n( 

^ E3t' 
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Figs. 1,2 



Figure 1.- Part of infinitely lor^ cylinder. 



Figure 2. - Sign convention. 


Fig. 3 
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Figure 3.- Ring bending -moment coefficients for radial load. 

(A = 2 X io2.) 
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Fig. 4 



Figure 4.- Ring axial -load coefficients for radial load. 
(A = 2 X lo^.) 


Fig. 5 
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Figure 5.- Ring transverse-shear coefficients for radial load. 

(A = 2 X 10^.) 
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Fig. 6 



Figure 6.- Skin shear-flow coefficients for radial load. 

(A = 2 X 10^.) 



Fig. 7 
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Figure 7.- Skin direct-stress coefficients at rings for radial load. 

(A = 2 X lO^.) 
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Fig. 8 



Figure 8.- Ring bending -moment coefficients for tangential load. 

(A = 2 X io2.) 



Fig. 9 
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Figure 9.- Ring axial -load coefficients for tar^ential load. 

(A = 2 X lo^.) 
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Fig. 10 



Figure 10.- Ring transverse -shear coefficients for tangential load. 

(A = 2 X io2.) 



Fig. 11 


NACA TN No. 1310 



Figiire 11.- Skin shear-flow coefficients for tangential load. 

(A = 2 X io2.) 
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Fig. 12 



Figure 12.- Skin direct-stress coefficients at rings for tangential load. 

(A = 2 X lO^.) 


Fig. 13 
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Figure 13.- Ring bending -moment coefficients for moment load. 

(A = 2 X io2.) 
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Fig. 14 



Figure 14.- Ring axial -load coefficients for moment load, 

(A = 2 X 10^.) 


Fig. 15 
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Figure 15.- Ring transverse -shear coefficients for moment load. 

(A = 2 X 10^.) 
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Fig. 16 



Figure 16.- Skin shear-flow coefficients for moment load. 

(A = 2 X 10^.) 



Fig. 17 
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Figure 17.- Skin direct-stress coefficients at rings for moment load. 

(A = 2 X 10^.) 
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Fig. 18 



Figure 18.- Ring bending -moment coefficients for radial load. 

(A = 2 X 10^.) 



Fig. 19 
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Figure 19.- Ring axial -load coefficients for radial load. 

(A = 2 X lo'^.) 
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Fig. 20 



Figure 20.- Ring transverse -shear coefficients for radial losid. 

(A = 2 X io4.) 


Fig. 21 
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Figure 21.- Skin shear -flow coefficients for radial load. 

(A = 2 X 10^.) 
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Fig. 22 



Figure 22.- Skin direct-stress coefficients at rings for radial load. 

(A = 2 X 10^.) 


Fig. 23 
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Figure 23.- Ring bending-moment coefficients for tangential load. 
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Fig. 24 





Figure 24.- Ring axial-load coefficients for tangential load. 

(A = 2 X 10^.) 


Fig. 25 
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Figure 25.- Ring transverse -shear coefficients for tangential load. 

(A = 2 X 10^.) 
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Fig. 26 



Skin shear -flow coefficients 
(A = 2 X 10^.) 


for tangential load. 


Figure 


Fig. 27 
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FigTire 27.- Skin direct -stress coefficients at rings for tangential load. 
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Fig. 28 
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Figure 28.- Ring bending -moment coefficients for moment load. 

(A = 2 X io4.) 


Fig. 29 
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Figiare 29.- Ring axial -load coefficients for moment load. 

(A = 2 X 10^.) 


NACA TN No. 1310 


Fig. 30 


Figure 30.- Ring transverse -shear coefficients for moment load. 

(A = 2 X lO^.) 




Fig. 31 
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Figure 31.- Skin shear -flow coefficients for moment load. 

(A = 2 X 10^.) 
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Fig. 32 



Figure 32.- Skin direct-stress coefficients at rings for moment load. 

(A = 2 X 10^) 


Fig. 33 
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Figure 33.- Ring bending-moment coefficients for radial load. 

(A = 2 X 10®.) 
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Fig. 34 



Figure 34.- Ring axial -load coefficients for radial load 



Fig. 35 
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Figure 35.- Ring transverse -shear coefficients for radial load. 

(A = 2 X 10®.) 
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Fig. 36 



Figure 36.- Skin shear-flow coefficients for radial load. 

(A = 2 X lo®.) 



Fig. 37 
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Figure 37.- Skin direct-stress coefficients at rings for radial load. 

. -'(A = 2 X 10^.) 
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Fig. 38 



Figtire 38. - Ring bending-moment coefficients for tangential load 


Fig. 39 
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Figure 39. - Ring axial-load coefficients for tangential load, 

(A = 2 X 10®.) 
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Fig. 40 



Figure 40.- Ring transverse -shear coefficients for tangential load. 

(A = 2 X 10®.) 



Fig. 41 
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Figure 41 


Skin shear -flow coefficients for tangential load 
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Fig. 42 



Figure 42.- Skin direct-stress coefficients at rings for tangential load. 

(A = 2 X 10®.) 





Fig. 43 
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Figure 43.- Ring bending -moment coefficients for moment load. 

(A = 2 X 10®.) 
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Fig. 44 



Figure 44.- Ring axial-load coefficients for moment load. 

(A = 2 X 10^.) 


Fig. 45 
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Figure 45.- 


Ring transverse -shear coefficients for moment load. 
(A = 2 X 10^.) 
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Fig. 46 




Figure 46.- Skin shear-flow coefficients for moment load. 

(A = 2 X 10®.) 


Fig. 47 
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Figure 47.- Skin direct-stress coefficients at rings for moment load. 

(A = 2 X lo^.) 
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Fig. 48 




Figure 48.- Comparison among calculated and experimental ring 
bending -moment coefficients for cantilevered cylinder. 


Fig. 49 
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Fig. 50 



Figure 50.- Shear -flow coefficients for simply supported cylinder. 



